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UNBALANCED MULTI-BLOCK SBS AND METHOD FOR THE 
PREPARATION THEREOF 



FIELD OF THE INVENTION 

5 The invention relates to SBS for the hot-melt adhesives. More particularly, it relates 

to the unbalanced multi-block SBS that gives excellent adhesive properties without 
lowering heat resistance, exhibits good processability in the preparation of adhesives 
and enhances the productivity. 



10 PRIOR ART 

Generally, SBS refers to the block copolymer containing tri-block of styrene- 
butadiene-styrene. Besides being used for the hot-melt adhesives, it has various 
purposes including as modifier of asphalt and plastic and compounding. In the case of 
SBS used for the hot-melt adhesives, processability is an important property to ensure 

15 good adhesive properties. For SBS used for other purposes, however, the mechanical 
property is important. 

In the preparation of hot-melt adhesives using SBS, the first thing to consider is its 
compatibility and solubility with other materials such as oil and tackifier. If it does not 
mix well with these materials, the adhesive properties become poor and the heat 

20 resistance is reduced, producing a low class adhesive. The appropriate SBS that 
satisfies the adhesive properties and heat resistance together with the processability 
should be selected. 

There have been many efforts to prepare such a hot-melt adhesive. In the early 
development stage of the hot-melt adhesive, the traditional styrene-butadiene-styrene 
25 tri-block introduced in USP 3,265,765 is used as the adhesive's component. The hot- 



melt adhesive prepared with this type of SBS gives good holding power, but the 
processability and other adhesive properties are not satisfying. As a result, its use 
becomes restricted. 

To make up for such defects, the method described in USP 4,163,764 uses linear or 
radial type of SBS prepared by various coupling agents, which shows some 
improvement in the processability. However, in this method, the resulting adhesive 
properties are still not very different from those of the previously described tri-block 
SBS. 

There have also been attempts to use tapered block SBS, which has some random 
part between butadiene block and styrene block, introduced in USP 4,051,199 to 
improve the processability and adhesive properties of the pure block SBS. Some 
improvement in the processability was achieved but the other properties are not good as 
before. 

Whether it is a pure block or a tapered block, such a general tri-block SBS still has 
restricted use. In order to eliminate such restriction, the multi-block SBS is used for the 
hot-melt adhesive. Among the SBS for the hot-melt adhesive, relatively satisfying 
results have been accomplished with the unbalanced tetra-block SBS of USP 4,874,821 
and the mid-tapered multi-block SBS of USP 4,603,155. 

The method described in USP 4,874,821 is the use of SBS with an unbalanced 
tetra-block, such as. styrene/butadiene-styrene-butadiene. The structure has 
styrene/butadiene tapered block in front and styrene-butadiene pure block at the rear. 
When the hot-melt adhesive is prepared with such characteristic SBS, the best adhesive 
properties and processability are achieved. However, the oxygen present in the reaction 
atmosphere or in the reaction terminator may cause unwanted oxygen coupling reaction 
to occur up to 20% in the polymerization or termination step. This side reaction 



increases the molecular weight by twice as much, making it difficult to control the 
molecular weight in the polymerization process. When this coupling reaction increases, 
the melt-flow index (MI) of the SBS decreases and lowers the processability and 
adhesive properties. This type of SBS, though it is better than the other SBS described, 
5 does not give satisfactory 180° peel strength. 

In USP 4,603,155, a novel multi-block SBS was introduced. This multi-block has 
more than two butadiene/styrene tapered blocks in the middle butadiene block of 
styrene-butadiene-styrene block. It has a styrene-butadiene/styrene-butadiene/styrene- 
butadiene-styrene type structure, middle tapered multi-block SBS. It exhibits some 
10 satisfactory processability and adhesive properties. As the number of butadiene/styrene 
tapered block increases, better adhesive properties are produced. However, this type of 
SBS is also accompanied by the oxygen coupling reaction due to the terminal polystyryl 
anion. Furthermore, it is difficult to commercialize because of the complex 
polymerization step involved. 

15 

SUMMARY OF THE INVENTION 

The present invention aims to solve such problems and to provide the SBS that 
results in an adhesive with excellent adhesive properties and a certain level of heat 
resistance. The present invention also aims to provide the SBS to reduce the 
20 manufacturing time of hot-melt adhesive by means of its excellent solubility with the 
tackifier and oil. Lastly, the present invention aims to provide the SBS having no 
terminal polystyryl anion so that the molecular weight can be controlled well. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The objectives of the present invention are achieved using the polymer having 
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the following molecular structure. 

wBl*Sl-/B2-S2-sB3 
In this structure, B is a butadiene block; S is a styrene block; /, m, and s refer to 
the relative size among the blocks, i.e., large size, middle size, and small size, 
5 respectively; * is the tapered block between mBl block and SI block, i.e., a random 
copolymer part of a kind. They have to satisfy the following related expressions. 

a) 0.01/B2<mBl <0.5/B2 and O.OlwBl <sB3<0.5mBl 

b) 0.5S1<S2<1.5S1 

c) 5%<*%<25% 

10 In the related expression, the value of Bl and SI include tapered block for the 

sake of convenience, and * % refers to the random styrene content in all the styrene in 
SBS. 

Anionic polymerization using alkyllithium as initiator in the hydrocarbon 
solvent is used to prepare an unbalanced multi-block SBS. The raBl*Sl is made by 

15 adding simultaneously the first portion of butadiene and the first portion of styrene. 
This can also be done by adding the first portion of butadiene and a part of the first 
portion of styrene by splitting SI, running the reaction completely, adding the rest of the 
first portion of styrene, and running the reaction. After awB1*S1 is formed, the second 
portion of butadiene is charged to complete the reaction. And then the second portion 

20 of styrene is charged, again running the reaction completely. Finally, the third portion 
of butadiene is charged to run the reaction. 

The term 'SBS' in the present invention refers to the styrene-butadiene block 
copolymer, which includes styrene-butadiene-styrene blocks regardless of their block 
number. 'Unbalanced' means that the block type is not uniformly present as tapered 
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blocks or pure blocks, the butadiene-styrene tapered block and the pure butadiene- 
styrene block coexist, and each component block has a different size. 

The 'tapered block' refers to a kind of random part between the blocks. This 
tapered block is formed because of the different reactivity of butadiene and styrene 
5 when they are charged together and anion polymerization proceeds with the initiator, 
alkyllithium. Butadiene reacts first and when it is mostly consumed, styrene reacts. At 
the boundary of the two blocks, random copolymer and small blocks are formed. The 
styrene block gets bigger and bigger afterwards. This kind of random copolymer and 
small blocks is called tapered block. Nuclear magnetic resonance (NMR) method is 

10 used to analyze the tapered block content. Because the amount of this content is the 
important factor in deciding the property of SBS, the present invention presents the 
range in a precise value. 

In the polymerization of SBS in the present invention, styrene and 1,3- 
butadiene are the monomers while alkyllithium, such as n-butyllithium and sec- 

15 butyllithium, is the initiator. The initiator can be added one portion at a time or added 
continuously before the formation of the tapered block. The solvent used is chosen 
from cyclohexane, n-hexane, n-heptane, and toluene, or their mixture. The weight ratio 
of the solvent to monomer is 3/1-8/1. The solvent can be added at a time at the 
beginning of the reaction or in 2 to 3 portions if necessary. 

20 The initiation temperature of the polymerization can be at any temperature at 

which the polymerization is possible. If the reaction temperature is too low, the 
reaction takes too long, giving low productivity. On the other hand, too high 
temperature occurs in the cross-linking reaction of some part of the polymer chain, 
making the physical properties of SBS undesirable. It is recommended that the 
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temperature in the polymerization process be not more than 130° C and the initiation 
temperature of the reaction be 30-70° C. 

In the present invention, the vinyl content in the butadiene block of SBS 
ranges from 8-50%. The lowest vinyl content in the anion polymerization, using 
alkyllithium, is about 8%. Usually, adding an amount of tetrahydrofiiran controls the 
vinyl content. When the vinyl content reaches more than 50%, the adhesive property 
deteriorates. 

In the present invention, the styrene content ranges from 20-50%. If the 
styrene content is below 20%, heat resistance becomes poor to the extent that the 
product cannot be used as the hot-melt adhesive. If it is over 50%, the adhesive 
property deteriorates. 

The amount of the alkyllithium initiator added changes based on the target MI 
value, namely, target molecular weight. The calculation of the theoretical number 
average molecular weight is in accordance with the following equation. 

Total amount of charged monomer (g) 

- num ber average molecular weight (Mn) 

Amount of alkyllithium (mole) 

The range of MI by G type (200°C X 5kg) is 0.01-50g/10min, more 
preferably 5-40g/min. The corresponding amount of alkyllithium is in the range of 1 .0— 
2.5 mmol per lOOg of monomer. 

The following gives the representative order of polymerization for the 
unbalanced multi-block, wBl*Sl-/B2-S2-sB3. To a 12-L batch polymerization reactor, 
5 kg of cyclohexane (S/M=5) and 0.15 g (30ppm based on the solvent) of 
tetrahydrofiiran were charged and 180 g of styrene and 110 kg of 1,3-butadiene were 



charged. The reactor was heated to 60° C and 0.019 mole of n-butyllithium was added 
to start the reaction. After 20 minutes, the temperature reached 73° C, the first highest 
temperature, and mBl block was completed. After another 20 minutes, the temperature 
reached 79° C, the second highest temperature, and during this period SI block was 
completed. After 10 minutes, 470 g of 1,3-butadiene was charged. Twenty (20) 
minutes later, the temperature reached 92° C, the third highest temperature, and IB2 
block was completed. After another 10 minutes, 220 g of styrene was charged and the 
reaction continued. In 10 minutes, the fourth highest temperature, 85 °C, was attained. 
During this period, the S2 block was already under completion. After 10 minutes, 20 g 
of 1,3-butadiene was charged and the ^B3 block formation reaction proceeded for 20 
minutes. As can be observed, in each step of the process, after the highest temperature 
was reached, there was 10 minutes aging time in order to exhaust the monomer 
completely for the next reaction. 

During the polymerization reaction, in preparing the unbalanced multi-block 
SBS of the present invention, the amount of monomers added should be controlled for 
the blocks to satisfy the related expression, 0.01/B2<mBl <0.5/B2 and 
0.01mBl<yB3<0.5/wBl, and 0.5S1 <S2<1.5S1. 

If the mBl butadiene block is smaller than the specified range, the 
processability and adhesion property become inferior. If it exceeds the specified range, 
the processability and adhesion property are improved; however, the holding power and 
elongation decrease. In case sB3 is smaller than the specified range, the holding power 
and 180° peel strength of the adhesive decrease. Conversely, if it is bigger, the 
elongation and adhesive property become inferior. And if the styrene block is out of the 
range of the related expression, all adhesive properties except initial loop tack become 
inferior. 



The random styrene content in tapered block should satisfy the related 
expression, 5%<random styrene content < 25% in all the styrene content of SI and S2 
block. If the tapered block is smaller than the range specified in this expression, the 
solubility and initial loop tack become poor. Conversely, if it is bigger, the heat 
resistance and holding power of the adhesive become inferior. Such content of tapered 
block is naturally controlled if the polymerization reaction progresses according to the 
described procedure. 

Styrene and butadiene are charged together to make a tapered block to a 
certain extent between the initial butadiene and styrene block. SI can be charged in 
split within the range of 5%<*%<25% to obtain the pure styrene block part. After 
adding mBl and a portion of SI and after the reaction is complete, the remaining SI is 
added. 

The unbalanced initial tapered block type characterizes the present invention. 
If all the blocks were uniformly of tapered block or pure block, or unbalanced latter 
tapered block type, satisfying adhesive property could not be expected. If all the blocks 
were in the form of tapered block type, the initial loop tack would get better, but heat 
resistance and holding power become inferior. If all were pure types, all the adhesive 
properties except holding power and processability would become inferior. And if latter 
tapered block form were taken, both processability and adhesiveness would become 
inferior. 

Upon completion of the polymerization reaction, the activity of butadienyl 
anion formed at the terminal chain should be deactivated. The terminator to be used can 
be selected freely from the commonly used terminators in this field. Examples of these 
are water, alcohols, organic acid, inorganic acid, and halogenated compounds of Group 
IV atom. Appropriate antioxidant is used to prevent oxidation of the polymer chains. 
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The antioxidant can be chosen from the usual antioxidants used in this field, such as 
BHT, Irganox 1076, Irganox 1520, Irganox 565, and TNPP. It can be used alone or in 
the mixture. 

In the following, through example and comparative examples, the present 
5 invention is illustrated concretely. These examples do not limit the technical scope of 
the present invention. 

In the example and the comparative examples, for the accuracy of the 
experiments, 5 g of water was used equally as the reaction terminator while 0.2 PHR of 
Irganox 1 076 and 0.2 PHR of TNPP were used uniformly as antioxidant. 
10 The polymer solution obtained from the polymerization reaction of the 

example and the comparative examples existed in viscous state and had the consistency 
of honey. To remove the solvent, steam-stripping process was carried out. After that, 
the SBS crumb containing water was dried by roll mill at 120° G and extruded into the 
sheet of 3 mm thickness. It was cut to the size of about 0.5X0.5 cm for easy melting of 
1 5 the SBS in the preparation of the hot-melt adhesive. 

The preparation of the hot-melt adhesive and the analysis of the physical 
properties were carried out in the usual manner used in the adhesive manufacturing 
company. About 50 g of SBS chips of 0.5X0.5 cm size prepared as described above, 
110 g of tackifier, 39 g of oil, and 1 g of antioxidant were added to the stainless steel 
20 (SUS) vessel. The mixture was then melted and stirred at 150-160° C for 3 hours. To 
minimize the thermal aging in high temperature, the process was done under nitrogen 
atmosphere. 

Adhesive properties were measured according to the usual method employed. 
The softening point was measured by the method described in ASTM E28. Elevating 
25 the temperature of glycerin gradually by 5 °C/min rate, the temperature at which the iron 
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ball on the adhesive drops one inch below was measured as the softening point. The 
initial loop tack was determined by the method of ASTM D6195, in which the test 
specimen was cut in 7 inches and a stainless steel plate was used as a test panel. The 
180° peel strength was measured by removing tape specimen with 1 inch from the 
stainless steel plate in 180° by 300 mm/min rate. Before the test, the mechanical rolling 
at a rate of 300 mm/min was applied to the tape of the panel using a 2-kg roller. This 
was done to prevent the entrapment of air between the adhesive and the panel. The 
holding power was determined according to the time in which the tape attached to 
stainless steel plate by 0.5X0.5 inches with 1 kg of weight became fully detached from 
the plate. 



The chemicals and the related items used in preparation of hot-melt adhesive 
are as shown in Table 1 . 
[Table 1] 



Materials 


Trade Name 


Manufacturer 


Content 
(wt%) 


SBS 


Polymers from example 1 and 
comparative examples 1-7 


Lab. 


25 


Tackifier resin 


Escorez 5600 


Exxon 


55 


Oil 


White Oil 2150 


Mi Chang Petroleum Co. 


19.5 


Antioxidant 


Irganox 1010 


Ciba Specialty Chemicals. 


0.5 



[Example 1] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 180 g of 
styrene, and 110 g of 1,3 -butadiene were added and mixed in a 12-L reactor. The 
reactor was then heated to 60° C, and 0.019 mole of n-butyllithium was added and the 
reaction was initiated. The exothermic reaction attained the highest temperature. After 
10 minutes, when all the monomers were consumed, 470 g of 1,3 -butadiene was added 
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and the reaction was allowed to continue. After 10 minutes, highest reaction 
temperature was reached, and 220 g of styrene was added and the reaction continued. 
Then, after another 10 minutes, 20 g of 1,3 -butadiene was added and the reaction was 
run further for 20 minutes. Next, 5 g of water was added to terminate the reaction, and 
each 0.2 PHR of Irganox 1076 and TNPP were added as antioxidants. SBS chips were 
then obtained as described above. The preparation of the adhesive and the measurement 
of the properties were conducted in sequence as described above. All the properties of 
the polymers and adhesives including the present example are listed in Table 2. 

[Comparative Example 1] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, and 
200 g of styrene were added and mixed in a 12-L reactor. Heating the reactor to 60° C, 
0.021 mole of n-butyllithium was added and the reaction was initiated. The reaction 
was exothermic and reached the highest temperature after 10 minutes. Then 600 g of 
1,3-butadiene was added and the reaction was run further. After another 10 minutes, the 
next highest reaction temperature was reached, and 200 g of styrene was added. The 
reaction continued for 20 more minutes. Finally, 5 g of water was added to terminate 
the reaction. Further experiment conducted was the same as described in [Example 1]. 

[Comparative Example 2] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
and 400 g of styrene were added and mixed in a 12-L reactor. Heating the reactor to 60° 
C, 0.036 mole of n-butyllithium was added and the reaction was initiated. The reaction 
was exothermic, and after 10 minutes the highest temperature was reached. Then 600 g 
of 1,3-butadiene was added and the reaction was run further. After another 10 minutes, 

11 



the next highest reaction temperature was reached. Then 0.016 mole of dimethyl - 
dichlorosilane was added and the coupling reaction was run. After the coupling reagent 
was added, the reaction was continued further for 20 minutes. Finally, 5 g of water was 
added to terminate the reaction. Further experiment was the same as described in 
[Example 1]. 

[Comparative Example 3] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
and 200 g of styrene were added and mixed in a 12-L reactor. Heating the reactor to 60° 
C, 0.021 mole of n-butyllithium was added and the reaction was initiated. The reaction 
was exothermic, and after 10 minutes the highest temperature was reached. Then 600 g 
of 1,3 -butadiene and 200 g of styrene were added and the reaction was run further. 
After 10 minutes the next highest reaction temperature was reached, and 5 g of water 
was added to terminate the reaction. Further experiment was the same as described in 
[Example 1]. 

[Comparative Example 4] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
200 g of styrene, and 100 g of 1,3-butadiene were added and mixed in a 12-L reactor. 
Heating the reactor to 60° C, 0.02 mole of n-butyllithium was added and the reaction 
was initiated. The reaction was exothermic, and after 10 minutes, the highest 
temperature was reached. Then 500 g of 1,3-butadiene was added and the reaction was 
run further. After 10 minutes, the next highest reaction temperature was reached, and 
200 g of styrene was added. Finally, after the next highest reaction temperature reaction 
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was reached in 10 minutes, 5 g of water was added to terminate the reaction. Further 
experiment was the same as described in [Example 1]. 

[Comparative Example 5] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
and 170 g of styrene were added and mixed in a 12-L reactor. Heating the reactor to 60° 
C, 0.02 mole of n-butyllithium was added and the reaction was initiated. The reaction 
was exothermic, and after 10 minutes, the highest temperature was reached. Then 200 g 
of 1,3-butadiene and 30 g of styrene were added and the reaction was run further. After 
another 10 minutes, the next highest reaction temperature was reached, 200 g of 1,3- 
butadiene and 30 g of styrene were again added and the reaction was run further. After 
the next highest reaction temperature was reached, 200 g of 1,3-butadiene were added 
and the reaction was still run further. After another highest reaction temperature was 
reached, 170 g of styrene was added and the reaction was run further. Finally, 10 
minutes after the last highest reaction temperature was reached, 5 g of water was added 
to terminate the reaction. Further experiment was the same as described in [Example 1]. 

[Comparative Example 6] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
and 1 10 g of 1,3-butadiene were added and mixed in a 12-L reactor. Heating the reactor 
to 60° C, 0.019 mole of n-butyllithium was added and the reaction was initiated. The 
reaction was exothermic, and after 10 minutes, the highest temperature was reached. 
Then 180g of styrene was added and the reaction was run further. The next highest 
reaction temperature was reached after another 10 minutes, and 470 g of 1,3-butadiene 
and 220 g of styrene were added and the reaction was run further. Then the next highest 
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temperature was reached after 10 more minutes, and 20 g of 1,3-butadiene was added 
and the reaction was run further for 20 minutes. Finally, 5 g of water was added to 
terminate the reaction. Further experiment was the same as described in [Example 1]. 

[Comparative Example 7] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
200 g of styrene, and 200 g of 1,3-butadiene were added in a 12-L reactor. Heating the 
reactor to 60° C, 0.019 mole of n-butyllithium was added and the reaction was initiated. 
The reaction was exothermic, and after 10 minutes, the highest temperature was reached. 
Then 200 g of 1,3-butadiene was added and the reaction was run further. After 10 
minutes, the next highest reaction temperature was reached, and 200 g of styrene was 
added and the reaction was run further. After another 10 minutes, the next highest 
temperature was reached, and 200 g of 1,3-butadiene was added and the reaction was 
run further for 20 minutes. Finally, 5 g of water was added to terminate the reaction. 
Further experiment was the same as described in [Example 1]. 

[Comparative Example 8] 

Under nitrogen atmosphere, 5 kg of cyclohexane, 0.15 g of tetrahydrofuran, 
and 1 10 g of 1,3-butadiene were added and mixed in a 12-L reactor. Heating the reactor 
to 60° C, 0.019 mole of n-butyllithium was added and the reaction was initiated. The 
reaction was exothermic, and when the highest temperature was reached, 180 g of 
styrene was added. The reaction was run further. Ten (10) minutes later, the next 
highest reaction temperature was reached, and 470 g of 1,3-butadiene was added. The 
reaction was still run further. After another 10 minutes, the next highest temperature 
was reached, and 220 g of styrene was added and the reaction was run further. Then 
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after another 10 minutes, the next highest temperature was reached, and 20 g of 1,3- 
butadiene was added. The reaction was still run further for 20 minutes. Finally, 5 g of 
water was added to terminate the reaction. Further experiment was the same as 
described in [Example 1]. 



The physical properties of the polymer and adhesive property obtained in 
Example 1 and Comparative Examples 1-8 are shown in Table 2. 



[Table 2] 





Example 


Comparative Example 






1 


1 


2 


3 


4 


5 


6 


7 


8 


Physical 
property 
of 
SBS 


Structure 


B/S-B-S-B 
(different 
size blocks) 


S-B-S 


SBS+SB 


S-B/S 


B/S-B-S 


S-B/S-B/S-B-S 


B-S-B/S-B 


B/S-B-S- 
B 

(same size 
blocks) 


B/S-B-S-B 
(tapered 
block 2%) 


MI 

(g/lOmin; 

200°CX 

5kg) 


13 


12 


12 


12 


13 


12 


12 


14 


13 


Styrene 
Content 
(wt%) 


40 


40 


40 


40 


40 


40 


40 


40 


40 


Adhesive 
Property 


Solubility* 


A 


C 


B 


B 


A 


B 


B 


A 


B 


Softening 
Point. 
[R&B](°C) 


73 


75 


74 


74 


73 


74 


72 


71 


73 


Initial Loop 
tack (gffin) 


2400 


1800 


1900 


2000 


2300 


2300 


2000 


2400 


2100 


180° peel 

strength 

(gt/in) 


1400 


1000 


1000 


1100 


1200 


1300 


1200 


1000 


1300 


Holding 
jower (min) 


400 


410 


400 


400 


390 


400 


390 


370 


400 


* Solubility: the hours needed for SBS to be melted completely in tackifier and oil. 
A: within 2.5 hours; B: within 3 hours; C: more than 3 hours. 
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The MI value and styrene content of above SBS samples were almost the same. 
However, the adhesive properties made by using each SBS were different from each 
other as described below. 

The product in [Example 1] was unbalanced multi-block SBS, which satisfies very 
well the scope of the present invention and all the adhesive properties including 
solubility. 

The product in [Comparative Example 1] was the general tri-block type SBS whose 
solubility was inferior. Among the adhesive properties, only the holding power was 
good. The product in [Comparative Example 2] was a coupled SBS. It was 
somewhat better than [Comparative Example 1] in terms of initial loop tack and 
solubility. All the physical properties were still inferior except holding power. 

The product in [Comparative Example 3] was a tapered SBS of an early stage. This 
method showed some improvement, but all the physical properties were still inferior 
except holding power. 

The product in [Comparative Example 4] was unbalanced tetra-block SBS. It 
showed good physical properties, but peel strength was a little lower than the product in 
[Example 1]. As described above, there was difficulty in controlling the molecular 
weight because the terminal block consisted of styrene. 

The product in [Comparative Example 5] was middle tapered multi-block SBS in 
which tapered blocks existed in the middle BR-block part. It exhibited good properties 
in all parts. However, as described above, productivity could be a problem because of 
the complex preparation process. 
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The product in [Comparative Example 6] was similar to that in [Example 1] in 
structure except that the tapered block was formed in the latter part. All its physical 
properties were inferior to the product in [Example 1]. 

The product in [Comparative Example 7] had same structure as that in [Example 
1] but all the blocks had same size. It was out of the scope of the present invention and 
does not satisfy the related expression a) and b). Its solubility and initial loop tack were 
good but the other properties were inferior. 

The product in [Comparative Example 8] had the same structure as that in 
[Example 1]. However, the content of tapered block was 2%, which was out of the 
scope of the related expression c). Most of the properties were inferior to the product in 
[Example 1]. 

As seen in these results, the polymer in [Example 1] had excellent adhesive 
properties, and its solubility and heat resistance were in proper level. 

EFFECT OF THE INVENTION 

As seen above, the unbalanced multi-block SBS in the present invention had excellent 
processability in preparing the hot-melt adhesive, shortening the working hours. It also 
had good loop tack, 180° peel strength, good holding power, and appropriate heat 
resistance. Even with high styrene content, it had proper hardness, excellent elongation, 
and appropriate mechanical properties. Therefore, it could be used as general purpose 
of SBS, asphalt modifier, plastic modifier, and in compounding. 
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